Up to now, 5 families of organic compounds are known to undergo a superconducting ground state : 1) the quasi 1D Bechgaard salts composed of 7r-donor organic and symmetric molecules of TMTSF and closed-shell inorganic anions (C104, PF6...) with a superconducting temperature Tc -1 K [1] ; 2) the 2D (BEDT-TTF)2X salts with a relatively « high » T, (8 and 10 K with X = 12 and Cu(SCN)2, respectively [2] ; 3) the (DMET)2AuX2 (with X = CN, I, Br, Cl) [3] , and the (DMET)2X salts (with X = 13, 12Br, IBr2 [3, 4] characterized by asymmetric donors resulting from the hybrid structure of TMTSF and BEDT-TTF, and with Tc '" 0.5 K ; 4) the (MDT-TTF)2Aul2 salt [5] also based on asymmetric donor but with 7c = 3.5 K at 1 bar ; 5) the D(M(dmit)2)n compounds based on organo-sulfur donor molecules D and acceptor metal complexes M(dmit)2 (dmit2 = 1,3-dithia-2-thione-4,5-dithiolato) [6, 9] . These D(M(dmit)2)n two-chain charge-transfer salts show various electronic properties depending on the nature of the metal M, of the donor D and on the stoichiometry n. For example, TTF(Ni(dmit)2)2 and (CH3)4N(Ni(dmit)2)2 become superconductors under a moderate pressure of 7 kbar (Tc = 1.62 K [7] and 5 K [8] , respectively). On the opposite, at
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphys:0198900500120152100 room temperature, 'ITF(Pt(dmit)2)2 is a semiconductor and 'fTF(Pd(dmit)2)2, although exhibiting a higher conductivity compared to its Ni counterpart, shows a metal semiconductor transition at 1 bar and at high temperature [9] .
The aim of this work was to specifically study the TfF(Pd( dmit )2)2 compound in order to see if the pressure-effect could suppress the « metal-insulator » transition and induce a superconducting ground state. Moreover, since well known quasi-lD instabilities were not observed in the temperature-dependent conductivity behavior of TTF(Ni(dmit)2)2 at 1 bar, it was expected that the study of [10] . In the second place, in such a heavily dopped narrow band gap semiconductor, the temperature dependence of the resistivity is very small and is pressure independent [11] . Thus the low temperature pressure was determined with an accuracy better than 200 bar (1 % at 20 kbar).
The clamp heat-treated Cu-Be vessel was fixed at the bottom of the mixing chamber of a dilution refrigerator. Since the freezing temperature of the medium was relatively high (250-300 K) in the high pressure measurements, care was taken to always insure a very slow cooling process between 300 and 77 K (12 K/hour) : firstly, this avoids damage of the contact resistances during the freezing of medium. In the second place, this minimizes induced strains on the sample from local stresses resulting from non perfect hydrostatic pressures. Thus resistivity curves of the samples were obtained without noticeable jumps. [12] . These spacings are significantly shorter than for the Ni derivative (b = 3.73, 3 .55 and 3.65 Â respectively) [13] . It has to be pointed out that this b-axis shrinking is opposite to the atomic radius expansion from Ni to Pd [14] . On the other hand, the unit cell parameters a and c in the plane perpendicular to (010) do increase, but only by 1 % ; this increase remains 10 times smaller thàn the relative increase of the atomic diameters from Ni to Pd. These features lead to stronger intermolecular intra and interstack S-S interactions and thus to a network which seems to be of higher dimensionality than for the Ni analog. Three indeed since the unit cell parameter b along the stack is equal to 3.73 and 3.60 Â respectively, an increasing pressure will much more increase the overlap of sulfur orbitals along the b direction -and hence the conductivity -in the Ni salt case compared to the Pd one. Yet, whereas at 7 kbar the Pd salt is still two times more conductive than the Ni one, at lower temperatures the latter becomes superconducting [7] and the former still remains semiconducting as we shall see.
3.2 DIFFERENCES BETWEEN THE « AND a '-PHASES . -The temperature dependence of the resistance of the cl-and a '-TTF(Pd(dmit)2)2 phases are quite different not only at 1 bar as discussed in 2.2, but also at high pressures as shown in figure 3 : at 24 kbar, the resistance of the a'-Phase varies linearly with temperature down to 100 K, then shows an S shape and finally exhibits a residual resistance plateau below 10 K above the complete superconducting transition (Tc onset = 5.93 K). This behaviour reminds the overall resistivity dependence of the Ni salt at 7 kbar (with Tc onset = 1.95 K) [7] . On the other hand, the resistance of the a-phase shows an anomaly between 165 and 135 K at 22 kbar and between 170 and 140 K at 19 kbar (not shown). This may be attributed to the phase transition from monoclinic to triclinic which occurs below 240 K at 1 bar. Despite the lower symmetry of the low temperature phase, it is to be noticed that the resistance decreases during the phase transition. At lower temperatures, the resistance shows a better marked Sshape than for the a '-phase but reaches a minimum whose temperature decreases with increasing pressure (cf. Fig. 4 ). Then, superconducting transitions occur but at lower temperatures than for the a'-phase. 7c and at pressures greater than the tricritical point pressure [1] and is attributed to dominant antiferromagnetic (AF) fluctuations [15] . Hence, we can derive from this discrepancy between the Beechgaard salt and the TTF(M(dmit)2)2 systems that if these compounds are relevant from a clean superconductivity, it must arise from a classical electron-phonon picture ; on the other hand, if the superconductivity is dirty, the dominant electron-impurity scatterings can mask the AF fluctuations which could induce the superconducting ground state.
The slope of the superconducting onset temperature versus pressure d Log Tc/,DP is equal to -a = -(2.6 ± 0.2) 10-2 /kbar. In order to find the origin of the relatively high Tc value of TTF(Pd(dmit)2)z, it has been attempted to correlate its pressure dependence with the strong electron-phonon coupling model of McMillan [16] : this leads to a critical pressure above which superconductivity should appear of 40 kbar, which is obviously too high. Hence [17] . Figure 6 shows the temperature dependence of the reduced critical field hcz = H_(T)/H_(0) at 20 figure 7 , where Ro is the 1 bar resistance : it is clear that here also a 3D short range hopping model [24] does not apply -whatever the pressure -, since no plot is linear over a sufficiently large temperature range. The same result is obtained in 2D [25] and 1D [26] short range hopping models, by plotting Log (R/Ro ) versus T-"3 and T-112 respectively. Fig. 9 ). figure 9 , which shows the entrance of superconductivity into the semiconducting ground state : it is of interest to notice that the slope d Log T/dP is equal to -a = -(2.6 ± 0.2 ) 10-2/kbar not only for the pressure dependence of the superconducting onset temperature Tc (at P &#x3E; 20 kbar), but also for the low pressure variations of 7p and Tg This accounts for the remarkable invariability of the ratio 7p(P)/rs(P) -2 up to 9 kbar. Moreover, the fact that the same slope is observed in the well established superconducting regime (P &#x3E; 20 kbar ) as well as in the semiconducting ground state (P 9 kbar ) means that the same exponential pressure dependence governs not only the superconducting condensation but also the carrier localization. Hence, the same basic physical process leading to the semiconducting and to the superconducting states is at work at low and high pressures respectively.
The last comment related to this phase diagram concerns the nature of the low pressure ground state : a SDW instability near the superconductivity has been excluded by the preceding discussion. Moreover, low temperature (F&#x3E;7K) ESR measurements performed at 1 bar on 10 oriented crystals [23] show no precursor effects to Spin Peierls (SP) transition or to long range AF order just above 7 K ; hence, this suggests that in the low pressure range, the semiconductor does not lead to a Mott insulator at lower temperatures. Nevertheless, such a conclusion has to be confirmed by lower temperature ( T 7 K ) SQUID static susceptibility and more sensitive ESR measurements that are going to be carried out at 1 bar on one single crystal. Analysis of the preceding results shows that the molecular TTF (Pd (dmit )2 )2 share common features with the Bechgaard salt and related compounds based on PF6 anion : for example, (TMTTF )2PF6 presents also a high temperature resistivity minimum at 220 K at 1 bar [29] ; but in this case, a Mott-Hubbard on bond localization of the electron charge is associated with a dimerization at 4 kF which results from relevant Umklapp processes induced by the PF6 anion potential ; moreover, at lower temperatures (15 K at 1 bar) a sharp non-magnetic SP ground state at 2 kF takes place, which constitutes the true thermodynamic phase transition [29] . An increasing pressure reduces the dimerization and thus the Umklapp influence : the repulsive electron-electron interaction along the chain becomes dominant ; this favors AF correlations and the interchain exchange coupling [30] [32] , ii) recent X-ray diffusion experiments [33] show at high temperatures diffuse lines at ql = 0.5 b * and q2 = ± 0.31 b * ; these 1D fluctuations become correlated along the c axis below -200 K ; analysis of the temperature dependent intensities of the corresponding superlattice spots [33] [33, 36] to assign the observed CDWs to the actual published [35] -even modified -band structure. Hence, more sophisticated band structure calculations are presently undertaken, which take into account notably the relative orientation of the molecules (neglected in [35] [37] ; a similar behaviour is observed in cyclo-penta-perylene CPP [38] . But [34] , the initial rate d Ln T/dP of which is respectively equal to -2.7 x 10 -2 and -0.1/kbar ; entrance of the superconductivity is very similar to the Pd salt case, and above 6 kbar, the superconducting temperature Te decreases with pressure [34] In conclusion, this study presents a coherent description of the basic physical ingredients which govern the high and low pressure regimes of the a '-TTF (Pd (dmit )2 )2 phase diagram :
an electron-phonon interaction seems to be at work in the establishment not only of the 3D superconducting condensation, but also of the 1D-2D CDWs instabilities at 1 bar. This constitutes a strong evidence that the phonon mediated electron-electron interaction dominates over the Coulomb one, as in NbSe3 and TaS3 [39] .
